Introduction
In 1787, Hunter demonstrated that unilateral ovariectomy (ULO) did not reduce litter size in swine. This phenomenon, known as compensatory ovarian hypertrophy, has been demonstrated in various polytocous (Edgren et al., 1965; Short et al., 1968) and monotocous (Saiduddin et al., 1970; Land, 1973) species. In cycling heifers, ULO resulted in compensatory ovarian hypertrophy and was characterized by an increased number of large follicles (Saiduddin et al., i970) ; however, the effect of ULO on gonadotropin secretion and follicular development in prepuberal heifers has not been published.
Unilateral ovariectomy has been used to investigate mechanisms regulating the ovarian control of gonadotropin secretion. Following 1055 JOURNAL OF ANIMAL SCIENCE, Vol. 60, No. 4, 1985 ULO there is a transient, selective rise in follicle stimulating hormone (FSH) in rats (Butcher, 1977) , hamsters (Bast and Greenwald, 1977) and gilts (Redmer et al., 1983) ; however, the role of this FSH increase in compensatory ovarian hypertrophy is not clear.
The objective of this study was to determine if compensatory ovarian hypertrophy occurred in prepuberal heifers and, if so, could compensatory ovarian hypertrophy be prevented by administration of charcoal-extracted bovine follicular fluid (CFF). An additional objective was to determine the effect of ULO, alone or in combination with CFF treatment, on plasma FSH and LH concentrations.
Materials and Methods
Thirty-one prepuberal Angus, Hereford and Angus • Hereford heifers were assigned by body weight (213 + 2.4 kg; mean + SE) and breed to the following groups: control-saline injections (C), unilateral ovariectomy-saline injections (ULO) and unilateral ovariectomy, charcoal-extracted bovine follicular fluid injections (ULO-CFF). From d 0 to 7, after unilateral ovariectomy or sham surgery, each heifer was injected (iv, 7 ml/injection) with saline or CFF every 12 h.
Bovine follicular fluid was aspirated from follicles (~20 mm diameter) at a local abattoir. The follicular fluid was maintained on ice until -'transported to the laboratory, centrifuged
(1,700 • g) to remove cellular debris and frozen at -20 C. When a sufficient amount of follicular fluid was collected to conduct the experiment, the fluid was pooled and the steroids removed by charcoal extraction. Follicular fluid was mixed with 50 mg/ml of charcoal at 4 C for 1 h. The fluid was centrifuged 20 min at 1,400 • g to remove the charcoal and recentrifuged at 30,000 • g for 1 h to remove charcoal fragments. The follicular fluid was frozen (-20 C) until the time of injection. The concentration of estradiol-17/3 (Kesler et al., 1977) and progesterone (Cantley et al., 1975) in bovine follicular fluid before charcoal extraction was 88.8 and 219 ng/ml and after charcoal extraction was .08 and 2.3 ng/ml, respectively. Jugular blood samples were collected by venipuncture into heparinized tubes immediately before each saline or CFF injection. The plasma was collected and stored at -20 C until assayed for FSH (Bolt and Rollins, 1983) and luteinizing hormone (LH; Zaied et al., 1980) . The intra-and interassay coefficients of variation for FSH were 7.1 and 6.4 and for LH, 10.4 and 2.8%, respectively.
The heifers were tranquilized with 10 mg acepromazine maleate and 50 ml 2% lidocaine hydrochloride was used as a local anesthetic. The ovaries were removed through a paralumbar incision using aseptic techniques. In group C, a sham operation was conducted on d 0 and both ovaries were removed on d 7. In the ULO and ULO-CFF groups, either the right or left ovary was removed on d 0 and the remaining ovary removed on d 7. Removal of the right or left ovary was randomly determined before d 0. After ovariectomy on d 7, the ovaries were kept on ice and the surface diameter and number of all visible follicles were determined. The ovaries were weighed and sectioned at .5 mm, the tissue was blotted dry and reweighed. Follicular fluid weight was defined as the difference between the ovarian weight and the blotted, sliced tissue weight. The sliced ovarian tissue was lyophilized and reweighed.
Ovarian weights and the number of follicles per ovary were analyzed by analysis of variance (Steel and Torrie, 1960) . The percentage of ovaries having a 1-to 2-, 3-to 4-, 5-to 6-, 7-to 8-, or ~9-mm follicle was tested by chisquare analysis (Steel and Torrie, 1960) . Plasma concentrations of FSH and LH were analyzed by analysis of variance in a split-plot design (Gill and Hafs, 1971 ).
R esu Its
Unilateral ovariectomy increased ovarian (P<.08) and follicular fluid (P<.05) weight by 33 and 50%, respectively; however, there was no difference (P>.05) among groups in the lyophilized ovarian weight (figure 1). Injections of CFF, after ULO, blocked the increase in ovarian and follicular fluid weight. Follicular populations were similar on d 0 among groups of heifers because the number and diameter of follicles on ovaries removed in the ULO and ULO-CFF group on d 0 were similar to the C group on d 7. The total number of visible follicles per ovary on d 7 in the C, ULO and ULO-CFF groups was 14.7, 15.5 and 16.2, respectively. Although the total number of visible follicles per ovary was similar (P>.05) among the groups, there was a change in the follicular size distribution. There was no difference (P>.05) in the number of 1-to 2-, 3-to 4-, or 7-to 8-mm follicles per ovary on d 7; how- puberty. Feedback mechanisms have been shown to be present in prepuberal heifers, because ovariectomy at 4 to 6 wk of age resulted in elevated LH concentrations (Anderson et al., 1984) , and the ovaries can respond to gonadotropin stimulation at 4 wk of age (Foote, 1972) . Compensatory ovarian hypertrophy has been demonstrated in prepuberal gilts (Redmer et al., 1984a) , ewes (Smith et al., 1984) and rats (Dunlap and Gerall, 1973) .
In the ULO group, compensatory ovarian hypertrophy resulted from increased weight of follicular fluid rather than ovarian stromal tissue. This observation is in agreement with previous studies involving both prepuberal gilts (Redmer et al., 1984a) and ewes (Smith et al., 1984) . Although there was no difference in the total number of visible follicles per ovary, ULO resulted in a shift toward larger-diameter follicles, as reported in sexually-mature rabbits (Fleming et al., 1984) , cows (Saiduddin et al., 1970) and ewes (Mallampati and Casida, 1970) . ever, there was an increase (P<.05) in the number of 5-to 6-mm and >~9-mm follicles per ovary in the ULO compared with the C or ULO-CFF groups (figure 2). Similarly, there was no difference (P>.05) in the percentage of ovaries having 1-to 2-, 3-to 4-, or 7-to 8-mm follicles on d 7; however, there was an increase (P<.05) in the percentage of ovaries having 5-to 6-ram and ~9-mm follicles in the ULO compared with the C or ULO-CFF groups (data not shown). The percentage of ovaries on d 7 having a follicle ~9 mm was 38, 82 and 11% in the C, ULO and ULO-CFF groups, respectively. After ULO, there was a transient rise (P<.05) in plasma concentrations of FSH, which peaked at 24 h and returned to baseline by 36 h (figure 3). This FSH rise was blocked by CFF injections in the ULO-CFF group. There were no differences (P>.05) among groups in the FSH concentrations from 36 h post-ULO to d 7 (data not shown).
There were no differences (P>.05) among groups in plasma concentrations of LH from 0 to 36 h following ULO or from 36 h post-ULO to d 7 (data not shown).
Discussion
The results of the present study indicate that the mechanism regulating compensatory 9 ovarian hypertrophy in cattle occurs before Ovaries in the ULO group frequently contained a large (/>9 mm)follicle; whereas, large follicles were uncommon in the C or ULO-CFF groups. In the prepuberal ewe, there was an increase in follicular diameter after ULO and removal of the ovary having the largest-diameter follicle did not prevent compensatory ovarian hypertrophy or reduce the number of large follicles 7 d later (Smith et al., 1984) . When heifers were unilaterally ovariectomized on d 7 of the cycle and treated with pregnant mare serum gonadotropin, the number of large antral follicles undergoing atresia decreased and the number of preantral follicles increased (Monniaux et al., 1984) . Consequently, compensatory ovarian hypertrophy might result from a decrease in follicular atresia and(or) an increase in follicular recruitment.
Compensatory ovarian hypertrophy may result from increased gonadotropin secretion (Edgren et al., 1965; Gibson et al., 1979) , rather than from a reduction in the ovarian competition for gonadotropins (Zarrow et al., 1965; Greenwald, 1968) . Unilateral ovariectomy reportedly reduced the negative feedback of ovarian steroids on gonadotropin secretion (Rexroad and Casida, 1976; Benson et al., 1969) ; however, in prepuberal gilts (Redmer et al., 1984a) and lactating sows (Martin, 1983) , ovarian venous estradiol concentrations increased on d 2 foUowing ULO. This observation contradicts the hypothesis that ovarian steroid concentrations are reduced following ULO. Furthermore, in rats, the administration of pharmacological concentrations of estradiol or progesterone before ULO blocked compensatory ovarian hypertrophy (Benson et al., 1969) ; however, in other studies estradiol and progesterone did not inhibit FSH secretion or compensatory ovarian hypertrophy (Butcher, 1977) . Consequently in rats, the role of ovarian steroids in compensatory ovarian hypertrophy is unclear.
It is doubtful in the present study that the amount of ovarian steroids in CF1 ~ altered gonadotropin secretion. Assuming there is no clearance of steroids following the injection of 7 ml CFF into a 213-kg heifer (blood volume = 16 liters), the circulating concentrations of estradiol-17/3 and progesterone would be increased .04 and 1 pg/ml, respectively. These increases are lower than the estradiol and progesterone concentrations in ovariectomized heifers (Beck et al., 1976) .
Circulating concentrations of FSH and LH are differentially regulated in cattle (Dobson, 1978; Roche and Ireland, 1981) , sheep (Narayana and Dobson, 1979; Goodman et al., 1981) , rats (Hasegawa et al., 1981) and hamsters (Greenwald and Seigel, 1982) . Ovarian factors (e.g., inhibin) in addition to steroids seem to be involved in the differential regulation of gonadotropin secretion. A nonsteroidal substance, known as inhibin, has been found in bovine follicular fluid that selectively suppresses FSH but not LH secretion in rats (de Jong and Sharpe, 1976) , ewes (Miller et al., 1982) , mares (Miller et al., 1981) and heifers (Ireland et al., 1983; Kiracofe et al., 1983) .
In the present study, there was a selective, transient increase in FSH concentrations following ULO, which was similar to previous studies in hamsters (Bast and Greenwald, 1977) , rats (Butcher, 1977) , gilts (Redmer et al., 1983) and ewes (Findlay and Cumming, 1977) . Furthermore, in ewes, destruction of the preovulatory follicle at estrus resulted in a transient increase in FSH concentrations (Coleman and Dailey, 1983 ). An increased sensitivity to estradiol negative feedback in prepuberal heifers might explain why circulating concentrations of LH did not increase after ULO (Day et al., 1984) .
In the present study, administration of CFF prevented both the transient FSH rise and compensatory ovarian hypertrophy. Previous studies have documented the suppressive effect of bovine CFF on circulating FSH concentrations in cattle (Ireland et al., 1983 ; Kiracofe et al., 1983 ). An increase in ovarian inhibin secretion may have accounted for the decrease in FSH concentrations between 24 and 36 h after 
